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Resveratrol Analog Compounds and Method for Producing Same 

The compositions of the present invention are analogs of resveratrol, in particular 

esters of resveratrol. 

The resveratrol (3,5,4Mrihydroxy-fra>7s-stilbene) esters of the present invention 
are characterized in that they comprise least one ester group of formula — O — CO — R at 
one or more of the 3, 5 and 4' positions, wherein R represents an alkyl radical with at 
least two carbon atoms, linear or branched, saturated or unsaturated, an aryl radical, 
aralkyl or aralkylene, alkylene with 0 to 10 carbon atoms, saturated or unsaturated, and/or 
1 arylene radical having 1 to 3 rings and/or a heterocyclic radical, and the 
diastereoisomers of these units. 

These compositions can be stored over a long period without alteration. 

In a particular embodiment, R represents a saturated or unsaturated fatty acid 

radical. 

In the case of an unsaturation, the double bonds are advantageously cis, which 
corresponds to the most frequent case found in the natural products. With products 
obtained more particularly by synthesis or hemisynthesis, the bonds are trans. 

Fatty acid derivatives which are suitable for the implementation of the invention 
include: butyric C4:0; valeric, C'5:0 hexanoic, C6:0: sorbic, C6:2(n-2); lauric C12:0; 
palmitic C16:0; stearic, C18:0; oleic, C18:l(n-9) linoleic, C18:2(n-6); linolenic, 
C18:3(n-6); .alpha, linolenic, C18:3(n-3); arachidonic, C20:4(n«3) eicosapentaenoic 
C20:5(n-3); and docosahexanoic. C22:6(n-3). The C16 and more fatty acids are 
particularly appropriate as regards cosmetic uses. These fatty acids are extracted, for 
example, from microalgae. 

In another embodiment, R represents an aryl group. 

In yet another embodiment, R represents an aralkyl or aralkylene group, the alkyl 
or alkylene group being more particularly CI to C8, in particular CI to C4. In particular 
the benzyl or styryl group can be utilized. 



Examples 

Air and moisture sensitive reagents were introduced via dry syringe or cannula. 
Toluene, xylene, pyridine, ethyl acetate, and N-methyl morphorline were distilled from 
CaH2. DMF were dried by storage over 4A Molecular sieves. Reagents were purchased 
from Aldrich and Lancaster. Flash chromatography was carried out using 60-230 mesh 
silica gel. Radical chromatography was performed using 1, 2, and 4 mm plates loaded 
with 230-400 mesh PF-254 gypsum bound silica. Analytical thin-layer chromatography 
(TLC) was performed with Merck silica gel 60 F254, 0.25 mm pre-coated TLC plates. 
TLC plates were visualized using UV254. All 'H NMR spectra were obtained with 300 
Varian spectrometers using TMS (O.OOppm), Chloroform (7.26 ppm), or acetone-c^ (2.05 
ppm) as an iternal reference. Signals are reported as m (multiplet), s (singlet), d (doublet), 
t (triplet), q (quartet), and bs (broad singlet). 13 C NMR were obtained with 75 MHz 
Varian spectrometer using TMS (0.0 ppm), Chloroform (77.2 ppm), or acetone-d* (30.6 
ppm) as the internal standard, Mass spectra date (HRMS, EI) were obtained from the 
Brigham Young University mass spectrometry facility. 

Preparation of 3.5-bisfmethoxvmethoxv)benzoic acid. 

A flame dried flask was charged with dry DMF (75mL) and 60% oil dispersion 
NaH (3.8 g, 95 mmol). A solution of 3,5-dihydroxybenzoic acid (4.6 g, 30 mmol) in 
DMF (25mL) was added dropwisely over 20 minutes. The mixture was allowed to stir for 
one hour under N 2 . MOMC1 (7.5 mL, 100 mmol) was added slowly so that the inner 
temperature did not exceed 50°C. After 30 hours, the insoluble material was filtered off 
and the filtrate was concentrated to an oil residue, which was partitioned between 
benzene and water. The water layer was extracted with benzene for another three times. 
The combined benzene extracts was dried by Na2S0 4 and concentrated to a pale yellow 
oil, which was dissolved in 50 mL methanol. 2N aqueous NaOH (25 mL, 50 mmol) was 
added and the mixture was stirred for three hours. The mixture was concentrated and 
dissolved in 30mL water. The aqueous solution was washed with benzene and acidified 
with 10% aqueous HC1. The white solid precipitated out was filtered and washed with 
water and dried to give 6.6g (91%) product, which can be further purified by 



recrystalization from AcOEt-hexane. Data are: ! H NMR (CDC1 3 , 300 MHz) 8 7.44 (d, 
2H), 6.98 (t, 1H), 5.21 (s, 4H), 3.50 (s, 6H); ,3 C NMR (CDC1 3 , 75 MHz) 8 170.9, 158.4, 

131.4, 1 1 1 .5, 1 10.7, 94.7, 56.4; mp = 129-130 °C; HRMS (EI*) found 242.0796 M\ 
calcd 242.0790 for CmH| 4 0 6 . 

Preparation of 3.5-bis(methoxvmethoxv)benzoic chloride. 

A stock solution was prepared by dissolving benzotriazole(l .49 g, 0.0125 mmol), 
thionyl chloride(0.91mL, 0.0125mraol) in 8.0mL DCM. Reaction was carried out by 
adding the stock solution intermittently into a stirred solution of 3,5- 
bis(methoxymethoxy)benzoic acid (2.42 g 3 10 mmol) in 200ml DCM. Before the addition 
was complete, benzotriazole hydrochloride started precipitating out as a white solid. The 
mixture was stirred for another ten minutes. After filtration, the filtrate was stirred with 
MgS0 4 7H 2 0 (5g) to destroy excess thionyl chloride. The white solid was filtered off and 
the filtrate concentrated to give 2.5g (97%) crude product, which was used for the next 
step without further purification. Data are: ! H NMR (CDC1 3 , 300 MHz) 8 7.44 (d, 2H), 
7.04 (t, 1H), 5.20 (s, 4H), 3.49 (s, 6H); 13 CNMR (CDC1 3 , 75 MHz) 5 168.1, 158.5, 135.3, 
1 12.6, 111.9, 94.7, 56.4; HRMS (EI*) found 260.0465 M*, calcd 260.0452 for 
C11H13O5CI. 

Preparation of S.S-bisfmethoxvmethoxv^^'-acetoxv stillbene. 

A 50 mL round bottom flask was charged with p-xylene (20 mL), Pd(OAc): (22.5 
mg, 0.1 mmol), l,3-bis-(2,6-diisopropylphenyl) imidazolinium chloride (42.7 mg, 0.1 
mmol), 3,5-bis(methoxymethoxy)benzoic chloride (2.42 g, 10 mmol), 4-acetoxystyrene 
(1.94 g, 12 mmol),and N-methyl morphorline (1.38 g, 12 mmol). The mixture was heated 
at 120 °C for 3.5 h under nitrogen atmosphere. Then it was cooled to room temperature 
and EtOAc was added and filtered. The filtrate was washed with brine and dried over 
Na 2 S0 4 . Then it was filtered and purified via flash chromatography and gave the product 
(2. 1 g, 59%) as a white solid. Data are: ! H NMR (CDC1 3 , 300 MHz) 8 7.48 (d, 2H), 7.08- 
6.93 (m, 4H), 6.86 (d, 2H), 6.66 (t, 1H), 5.19 (s, 4H), 3.50 (s, 6H), 2.30 (s, 3H); ,3 C NMR 
(CDCI3, 75 MHz) 8 169,5, 158.7, 150.3, 139.5, 135.0, 128.7, 128.5, 127.6, 121.9, 108.0, 

104.5, 94.6, 56.2, 21.2; HRMS (EO found 358.1409 M\ calcd 358.1416 for C 2 oH 2 20 6 . 



Preparation of 3.5-dihvdroxv-4 T -acetoxv stilibene. 

To a solution of S-bis^ethoxyrnethoxyM'-acetoxy stilibene (0.358 g, 1 mmol) 
in dry DCM (50mL) and dry CH 3 CN (50mL) was added Nal (1.8 g, 24 mmol) and 
freshly distilled (1 .52 g, 24mmol). The mixture was stirred under argon for 15 minutes. 
The solution was diluted with DCM (50mL) and washed with a freshly aqueous saturated 
solution of Na 2 S 2 0 4 (3><40mL) and saturated NaHC0 3 , and water. The organic layer ws 
dried over Na 2 S0 4 , filtered and concentrated. The crude product was purified by flash 
column and gave 0.20 g product (72%). Data are: J H NMR (Aceton-d*, 300 MHz) 8 8.25 
(s, 1H), 7.60 (m, 2H), 7.13-7.08 (m, 4H), 6.59 (d, 2H), 6.32 (t, 1H), 2.25 (s, 3H); ,3 C 
NMR (Aceton-d6, 75 MHz) 5 169.7, 159.7, 151.4, 140.4, 136.0, 130.0, 128.3, 128.3, 
123.0, 106.1, 103.3, 21.1; HRMS (EI + ) found 270.0889 M + , calcd 270.0892 for Ci 6 H, 6 04. 

Preparation of 3,5-diacetoxybehzoic acid chloride. 

To a solution of 3,5-diacetoxybenzoic acid (7.7 1 g, 50 mmol) in EtOAc (110 mL) 
were added acetic anhydride (12.25 mL, 130 mmol) and pyridine (8.08 mL, lOOmmol) in 
an ice-water bath under a nitrogen atmosphere. The mixture was stirred at 0 °C for 40 
min and then stirred at ambient temperature for 4 h. 98% Formic acid (2.36 mL, 60 mmol) 
was added and the resulting mixture was stired for 1 h. Then, it was poured into water 
and extracted with EtOAc. The organic phase was washed with water and brine, dried 
over Na 2 S0 4 , filtered, and evaporated in vacuo. Purification of the residue via 
recrystallization from n-heptane/EtoAc provided 3,5-diacetoxybenzoic acid (8.97 g, 
75.3%) as a white solid. Data are: l H NMR (CDC1 3 , 300 MHz) 5 12.1 (bs, 1H), 7.73 (d, 
2H), 7.21 (t, 1H), 2.32 (s, 6H); 13 C NMR (CDC1 3 , 75 MHz) 8 170.4, 169.0, 151.2, 131.5, 
121.3, 121.0, 21.2; mp = 161-162 °C; HRMS (Ef ) found 238.0475 M + , calcd 238.0477 
for CnH 10 O 6 ; Anal. Calcd for C,,H l0 O 6 : C, 55.47; H, 4.23. Found: C, 55.62; H, 4.37. 

To a mixture of 3,5-diacetoxybenzoic acid (8.00 g, 33.59 mmol) and 
dimethylformamide (5 drops) added fresh distilled thionylchloride (16 mL). The mixture 
was stired fori 5 min under nitrogen atmosphere at ambient temperature. Then it was 
refluxed for 2 h at 80 °C in a hot water bath. The excess thionyl chloride was evaporated 



in vacuo and toluene was added. Insoluble yellow solid was discarded. The toluene was 
evaporated in vacuo and gave 3,5-diacetoxybenzoic acid chloride (8.23g, 95.5%) as a 
white solid. Data are: l H NMR (CDC1 3 , 300 MHz) 5 7.75 (d, 2H), 7.29 (t, 1H), 2.34 (s, 
6H); ,3 C NMR(CDC1 3 ,75 MHz) 8 168.8, 167.0, 151.4, 135.3, 122.8, 122.0, 21.2; mp = 
89.5-91 °C; HRMS (EI 4 ) found 256.0130 M + , calcd 256.0139 for C11H9O5CI; Anal. 
Calcd for C n H 9 0 5 Cl: C, 51.48; H, 3.53. Found: C, 51.60; H, 3.68. 

Preparation of 4-chloroacetoxvstvrene. 

To a flask was charged with 4-acetoxystyrene (10 g, 61.73 mmol), methanol 
(30mL), and KOH (0.125 g, 2.23mmol), and 1 drop of water. After the mixture was 
stirred for 5 minutes under N 2 , the temperature was raised to 65°C. The mixture was 
stirred for 1.5 h and then cooled to room temperature. Acetic acid (0.144 g, 2.44mmol) in 
methanol (0.5mL) was added slowly over 5 min. The mixture was stirred for another 5 
min and then concentrated. The residue was dissolved in toluene and filtered. The filtrate 
was cooled to -78°C and the 4-hydroxystyrene was precipitated, filtered and dried to give 
4.5 g product (60%). 

To a solution of 4-hydroxystyrene (1.22 g, 10 mmol) in ethyl ether 140 mL was 
added chloroacetic chloride (2.26 g, 20 mmol) and Et3N (1 .62 g, 16 mmol). After 2 h, the 
mixture was washed with NaHC0 3 and water. The ether solution was dried by Na 2 S0 4 
and concentrated. After purification by flash column, the 4-chloroacetoxystyrene (1 .8 g, 
92%) was obtained. 

Preparation of 3.5-diacetoxv-4'-chloroacetoxv stillbene. 

A 10 mL round bottom flask was charged with p-xylene (4 mL), Pd(OAc) 2 (4.5 
mg, 0.02 mmol), l,3-bis-(2 5 6-diisopropylphenyl) imidazolinium chloride (8.6 mg, 0.02 
mmol), 3,5-diacetoxybenzoic acid chloride (0.7695 g, 3 mmol), 4-chloroacetoxystyrene 
(0.393 g, 2 mmol),and N-methyl morphorline (0.276 g, 2.4 mmol). The mixture was 
heated at 120 °C for 3.5 h under nitrogen atmosphere. Then it was cooled to room 
temperature and EtOAc was added and filtered. The filtrate was washed with brine and 



dried over Na 2 S04. Then it was filtered and purified via flash chromatography and gave 
the product (0,54 g, 69.4%) as a white solid. 

Preparation of S^S-diacetoxy^* -hydroxy stillbene. 

A solution of 3,5-diacetoxy-4'-chloroacetoxy stillbene (0.388 g, 1 mmol) in 50% 
aqueous pyridine, which was adjusted to pH 6.7 with hydrochloric acid, was stirred for 6 
h at room temperature. The mixture was concentrated and diluted with EtOAc. The 
mixture was washed with 1 N aqueous HC1, saturated NaHC0 3 and water. Then the 
EtOAc solution was dried and concentrated. After purification by chromatron, the 
product (0.28 g, 90%)was obtained. 

Preparation of 3-acetoxv-5-hvdroxvbenzoic acid. 

To 3,5-dihydroxybenzoic acid (20 g, 129 mmol) added NaOH (15.6 g, 390 mmol) 
in 100 mL water. After the mixture was cooled to 0°C, Ac 2 0 (13.2 g, 129 mmol) was 
added. The solution was stirred for 40 min and then acidified with 10% H2S04 at 0°C. 
The precipitate was filtered and washed with cold water. The crude product can be 
recrystallized from water to give 3-acetoxy-5-hydroxybenzoic acid (15.2 g, 60%). 

Preparation of 3-acetoxy-5-levulinoxv-benzoic acid. 

To a solution of 3-acetoxy-5-hydroxybenzoic acid (2.45 g, 12.5 mmol) in CH2CI2 
(25 mL) added levulinic anhydride (5.4 g, 25 mmol) and pyridine (1.22 mL, 15 mmol) at 
0°C. The mixture was stirred at 0°C for another 0.5 h and then was allowed to warm to 
room temperature. After 3 h, 98% formic acid was added and stirred for 1 h. The mixture 
was washed with 1 N HC1, saturated NaHC0 3 and water. Then it was dried by Na2SC>4 
and concentrated. The crude product was purified by flash column and give 3-acetoxy-5- 
levulinoxy-benzoic acid (3.52 g, 96%). 

Preparation of 3-acetoxv-5-levulinoxy-benzoic chloride. 

A stock solution was prepared by dissolving benzotriazole(1.49 g, 0.0125 mmol), 
thionyl chloride(0.91mL, 0.0125mmol) in 8.0mL DCM. Reaction was carried out by 
adding the stock solution intermittently into a stirred solution of 3-acetoxy-5-levulinoxy- 



benzoic acid (2.94 g, 10 mmol) in 200ml DCM. Before the addition was complete, 
benzotriazole hydrochloride started precipitating out as a white solid. The mixture was 
stirred for another ten minutes. After filtration, the filtrate was stirred with MgS0 4 7H 2 0 
(5g) to destroy excess thionyl chloride. After concentration, the residue was extracted by 
hot dry hexane several times and recrystallized from hexane to give 3-acetoxy-5- 
levulinoxy-benzoic chloride (1.4 g, 45%). 

Preparation of S^'-diacetoxv-S-levulinoxvstillbene. 

A 25 mL round bottom flask was charged with p-xylene (6 mL), Pd(OAc) 2 (6.9 
mg, 0.03 mmol), l,3-bis-(2,6-diisopropylphenyl) imidazolinium chloride (12.9 mg, 0.03 
mmol), 3-acetoxy-5-levulinoxy-benzoic chloride (0.936 g, 3 mmol), 4-acetoxystyrene 
(0.583 g, 3.6 mmol),and N-methyl morphorline (0.42 g, 3.6 mmol). The mixture was 
heated at 120 °C for 3.5 h under nitrogen atmosphere. Then it was cooled to room 
temperature and EtOAc was added and filtered. The filtrate was washed with brine and 
dried over Na 2 S0 4 . Then it was filtered and purified via flash chromatography and gave 
the product (0.86 g, 70%) as a white solid. 

Preparation of 3.4*-diacetoxv-5-hvdroxvstillbene. 

A solution of 3,4'-diacetoxy~5-levulinoxystillbene (0.72 g, 1.75mmol) in THF (5 
mL) was added a solution of Na 2 S0 3 and Na 2 S 2 0 5 (0.26 g, 2.1 mmol and 0.1 g, 0.53 
mmol) in water (5 mL). The reaction mixture was stirred for 9 h at room temperature 
under N2. Then the mixture was poured into water and extracted with ethyl acetate three 
times and dried over Na 2 S0 4 . The solvent was removed under reduced pressure and 
purified by chromatron to give 3,4'-diacetoxy-5-hydroxystillbene (0.40 g, 73%). 

Preparation of 4-levulinoxvstvrene. 

A flame dried flask was charged with dioxane (120 mL), 4-hydroxystyrene (3.66 
g, 30 mmol), levulinic acid (6.97 g, 60 mmol), DCCI (12.39 g, 60 mmol), DMAP (300 
mg). The mixture was stirred under N 2 for 3.5 h. the mixture was washed with water, 
dried over Na 2 S0 4 , concentrated under reduced pressure and purified by flash column to 
give 4-levulinoxystyrene (5.9 g, 90%). 



Preparation of 3-acetoxv-4\5-dilevulinoxvstillbene. 

A 25 mL round bottom flask was charged with p-xylene (6 mL), Pd(OAc) 2 (6.9 
mg, 0.03 mmol), l,3-bis-(2,6-diisopropylphenyl) imidazolinium chloride (12.9 mg, 0.03 
mmol), 3-acetoxy-5-levulinoxy-benzoic Chloride (0.936 g, 3 mmol), 4-levulinoxystyrene 
(0.786 g, 3.6 mmol),and N-methyl morphorline (0.42 g, 3.6 mmol). The mixture was 
heated at 120 °C for 3.5 h under nitrogen atmosphere. Then it was cooled to room 
temperature and EtOAc was added and filtered. The filtrate was washed with brine and 
dried overNa 2 S0 4 . Then it was filtered and purified via flash chromatography and gave 
the product (1 .0 g, 72%) as a white solid. 

Preparation of 3 < 4 > -diacetoxy-5-hvdroxvstillbene. 

A solution of 3-acetoxy-4\5-dilevulinoxystillbene (0.47 g, 1.0 mmol) in THF (3 
mL) was added a solution of Na 2 S0 3 and Na 2 S 2 0 5 (0.30 g, 2.4 mmol and 0.1 1 g, 0.6 
mmol) in water (3 mL). The reaction mixture was stirred for 7 h at room temperature 
under N2. Then the mixture was poured into water and extracted with ethyl acetate three 
times and dried over Na 2 SC>4. The solvent was removed under reduced pressure and 
purified by chromatron to give 3,4'-diacetoxy-5-hydroxystillbene (0.19 g, 70%). 
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